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WIND-TUNNEL INVESTIGATION OF AIR INLET AND OUTLET

OPENINGS ON A STREAMLINE BODY!

By Jomx V.

BECEBR

SUMDNMARY

In connection with the general problem of proriding air
flow to an aircraft power plant located within a fuselage, an
inrestigation was conducted in the Langley 8-foot high-speed
tunnel to determine the effect on external drag and pressure
distribution of air.inlet openings located at the nose of a siream-
line body. Air outlet openings located at the tail and at the
21-percent and 63-percent stations of the body were also investi-
gated. Boundary-layer iransition measurements were made
and correlated with the force and the pressure data. Indiridual
openings were inrestigated with the aid of a blower and then
practicable combinations of inlet and outlet openings were tested.
Various modifications to the internal duct shape near the inlet
opening and the aerodynamic effects of stmulated gun in the
duet were also studied.

The results showed that the external drag (measured drag
less computed drag due to internal duct losses) of the body
with suitably designed nose-inlet and tail-outlet openings was
no higher than the drag of the streamline body orer a wide range
of rates of internal air flow. The static-pressure distribution
with the best inlet profiles developed during the inrestigation
was almost identical with that of the corresponding portion of
the streamline body. Ae a consequence, the same favorable
laminar-boundary-layer flow as on the streamline body was
obtained. The local cvelocity increments over the nose profiles
were so low that the critical speed of a fuselage employing these
shapes would depend on the peak-relocity increments occurring
elsewhere than on the nose.

The results of the tests suggested that outlet openings should
be designed so that the static pressure of the internal flow af the
outlet would be the same as the static pressure of the external
flow in the vicinity of the opening. Radical changes in the
internal-duct arrangement near the inlet openings had litle
éffect on the external drag or pressure distribution.

INTRODUCTION

Various wind-tunnel tests of full-scale airplanes and of air-
plane models have shown large external losses associated
with the power-plant installations. The external drag of
clean NACA cowling installations with no protruding seoops
or surface irregularities was shown in reference 1 to be
considerable. At high speeds, prohibitive increases in the

external drag may occur as & result of the formation of com-
pression shocks on cowlings (reference 2) or protruding
scoops. The excessive cowling dreg costs at high speeds can

be reduced to some extent by reducing the bluntness of the

nose profile (reference 2); however, the improvement which
can be made in this direction is limited for conventionsl
installations in which the engine is located at the nose of the
fuselage. If it is essumed that the engine is located near the
center of the fuselage or nacelle, then radical changes in the
shape of the nose are possible.
was designed to explore the possibilities of high-speed drag
reduction by use of nose inlets proportioned solely from aero-

The present investigation

dynamic requirements without any restrictions arising from ___

engine dimensions, location, or air-flow requirements.
At the outset of the present investigatiom little information
was available in regard to the characteristics of inlet open-

ings at the nose of a streamline body. Previous tests had

been made without air flow into the openings, a condition
seldom occurring in practice, and the results were therefore
inconclusive. Little pressure-distribution or eritical-speed
data were available, and it was not known whether any

appréciable laminar boundary layer could exist behind an

inlet opening.
The prmc1pal purpose of this mvestlga.tlon was to develop

nose-inlet openings of various relative sizes which would have

the lowest possible external drag and the highest possible
critical compressibility speed. The air-inlet flow rates used
werenotrestricted to therelatively small requirements of radial
engmes but were varied from zero flow to inlet-velocity ratios
in excess of unmity. Pressure-distribution and boundary-

layer data were obtained to eid in interpreting the drag re-

sults and to permit the estimation of the critical speeds.
Typical annular and tail-outlet openings were similarly in-
vestigated. In order to avoid possible confusing interference
effects, the inlet and the outlet openings were tested sepa-
rately with the internal air flow being supplied through wing
ducts from & blower located outside of the wind tunnel.
Representative combinations of the inlet and outlet open-
ings were then tested without the use of the blower.
effects on external drag of a protruding simulated gun in the

inlet opening and of various internal-duct arrangements near

the nose were also included in the investigation of the indi-
viduel inlet openings.

1 Sopersedes NACA ACR, “Wind-Tunnel Tests of Afr Inlet and Outlet Openings on e Streamline Body™ by John V. Becker, November 1840,

The
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The external drag cost of an_inlet opening at the nose of a
smooth streamline body is generally greater at low Reynolds
numbers, when the opening may disturb extensive low-drag
laminar boundary layers, than at high-speed flight Reynolds
numbers, where the boundary-layer flow may- be almost
wholly turbulent. Although it was impossible to attain
full-scale conditions in this investigation, the boundary-

layer-flow condition corresponding to high Reynolds num--

bers was simulated by artificially forcing transition to take
place near the nose of the models. The fests were made
both with the natural-transition and the fixed-transition
boundary-layer conditions. The results thus show the effect
of the openings at conditions corresponding to extremes of
the Revnolds number range.

SYMBOLS
v free-stream velocity
Do free-stream static pressure
Po free-stream density

gy free-stream dymamic pressure (2 po¥V? )

e mean velocity in duct
P local static pressure
o deusity in duct

T initial velocity of air passing through duct.
@ hypothetical final velocity of air passing through duct

based on total pressure at discharge

A cross-sectional area of inlet or outlet openmg

d diameter of inlet or outlet opening

D maximum dizmeter of streamline hody

F maximum cross-sectional area of streamline body

L length of streamline body

{ distance between end of streamline body and end of
nose

R maximum radius of streamline body
R fuselage Reynolds number (VL/»)
v kinematic viscosity
P pressure coefficient ((p—pa)/g0)
a velocity of sound in air
M Mach number (V/a)
¢ volume of flow through duct, cubic feet per second
o angle of attack referred to center line of streamline
body, degrees
Cp,  external-drag coefficient
(Measured drag of model)—(Drag of wing’
alone)—(Drag du% to internal flow) ])
o
Cpy, calculated drag coefficient due to internal air flow
U velocity just outside the boundary layer
u velocity in the boundary layer
x distance from mnose of streamline body, along ma]m
axis
x distance from nose of inlet openings, along ma]or axis
X length of nose measured from L/4 station
v ordinate measured from ceuter line of streamline body
v nose-profile. ordinate measured from inlet-opening
radius

value of ¥ at Z/é station

APPARATUS AND METHODS

The tests were made in the Langley 8-foot high-specd tun-
nel in its original form incorporating an 8,000-horsepower
drive motor. The tunnel was of the closed-throat, circular-
section, single-return type and was capable of air speeds of
about 500 miles per hour at the time of these tests. This
tunnel was chosen for the investigation principally because
of the low turbulence of the air stream, which permitted the
boundary-layer-flow conditions more nearly to approach
those obtained in free air than in streams of high turbulence.
Most of the tests were run at low speed (140 miles per hour).

Streamline body.—The streamline body (fig. 1 and table 1)
is a slightly modified version of fuselage form No. 111 of

reference 3. The thickness distribution was modified slight-

Iy to eliminate the unfavorable pressure gradient occwrring
ahead of the 50-percent station of the original 111 form.
This maodification was made to encourage a more extensive
laminar boundary layer. The fineness ratio of 5 is repre-
sentative of several current pursuit-type fuselages.

The streamline body was mounted in the.wind tunnel on a
24-inch-chord airfoil of NACA 27-212 section, which com-
pletely spanned the jet (fig. 2). The wing contained two
large ducts to permit air to be supplied to or drawn from the
openings on the body. The ratio of wing chord at the body
to the length of the body is within the range of current
practice..

Inlet openings. —Nose—mlet, openings of three sizes were
tested (figs. 1 and 3; ordinates in table I). The largest open-
ing, nose A, was 'approximately the size, relative to the max-
imum cross section of the ‘body, of average NACA cowling
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(a) Inlet openings.
(b} Outlet openings.
{c) Inlet-cutlet combinations.

FiouRE 1,—8treamline body with geners] arrangement of inlet and outlet openings
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Fisrrr 3.—Nose inlet openings compared with streamiine nose.

inlet openings. Nose B had one-half the area of nose A,
and nose C, one-quarter the area of nose A. The profile
shapes of the noses were developed in a series of tests (not
discussed in detail in this report} in which the nose lengths
and profiles were progressively modified until the most satis-
factory pressure-distribution characteristics were obtained.
The profiles all fall within the profile of the streamline body.
It will be noticed that the nose ordinates (table I) are given
only to the quarter-length station. Beyond this point,
strearaline-body ordinates apply. Several modifications of
the straight duct (fig. 1) that was used in most of the nose-
inlet tests will be described later in the discussion of the
results.

Outlet openings.—Qutlet openings at the tail and annular
outlets located ahead of and behind the wing wereinvestigated
(figs. 1, 4, and 5). The tail-outlet profiles coincide with the
streamline-body lines. Various tail-outlet areas were ob-
tained by successively decreasing the length of the body.
The internsl duct was of converging section to represent
typical practice in the design of outlet openings. The
annular outlet openings were designed primarily to exhaust
the air as nearly as possible in the stream direction. The

213637—58——5T7
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Fi6URE +.—~Typical tafl oatlet opening. Tafl C.

FicTRE 8.—Annular outlet opening at r=0.63L.

areas were selected from consideration of the quantity of air
required by a radial engine large enough to occupy the maxi-
mum section of a fuselage.
any sense optimum shapes arrived at on the basis of experi-
ment as in the case of the inlet openings; they merely repre-
sent typical design practice.

Blower setup.—Air flow in the tests of the individual open-
ings was supplied by a 50-horsepower centrifugal biower
mounted outside the wind tunnel on the floor of the test
chamber (figs. 6 and 7). Freedom of the floating balance
structure was meintained by a mercury seal that connected
the blower duct to the wing duct leading to the model. The
air flow through the mereury seal was at right angles to the

longitudinal (drag) axis of the wind tunnel so that the flow o

had no momentum in the drag direction. Preliminary tests
were made throughout the range of blower speeds &t zero air
speed in the tunnel, with and without air inlet, to insure that
the pressures and flow at the mercury seal had no effect on
the drag scale readings.

The fow was metered by a venturi installed on the balance
ring between the mercury seal and the model. Several
celibrations were made with the venturi in its operating
position by surveying the flow in the duct mth a rake of 25
total-pressure and 7 static tubes.

The outlet openings are not in
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.--Bolance ring
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F16uRE 6.—Schematic dlagram of setup for tests wIth blawer.

FIGURE 7.— General view of blower setup In the test chamber of the Langley 8-foot high-apeed
tunnel.

The flow in the system was controlled either by regulating
the blower speed or by adjusting a butterfly valve. The
zero flow condition was obtained by closing a special airtight
valve located near the end of the wing duct. Utmost care
was taken to prevent leakage in the system.

Inlet-outlet combinations.—The combinations tested and
the internal-duct arrangement are shown in figure 1. The
wing-duct openings within the body were faired over and
sealed to prevent leakage. Flow reguletion was accom-
plished by means of perforated plates of various conductance
installed as shown in figure 2. Static-pressure orifices were
installed at two stations in the converging section of the duct
shead of the outlet openings. The flow quantity was de-
tetmined from the magnitude of the pressure drop between
these stations according to a calibration obtained during the
tests of the individual outlet openings with the blower-
venturi setup. The total pressure and the static pressure at
the outlet were determined from this same calibration. In
several cases, as a check on the calibration, the quantities
were measured directly by means of a small pitot-static tube
mounted in the outlet opening.

No _particular attempt was made to design an cfficient
internal-duct system because interest was centered on the
external drag and because the blower was more than adequate
to overcome large internal losses. However, in the combi-
nation tests with the duct open—that is, with no resistance
plates inserted to restrict the flow—the internal losses were
practically negligible owing to the low duet velocities.

Method of fixing boundary-layer transition.—Transition in
the tests designated ‘“with fixed transition” was fixed arti-
ficially by means of a %-inch wide ring of No. 180 carbo-
rundum grains glued to the surface at the desired station.
It was Tound necessary to fix transition on the wing at the
10-percent station by the same method in order to make the
drag of the wing constant so that the effective drag of tho
body could be obtained accurately.

Except for the strips of carborundum, the surfaces of the
model were made aerodynamically smooth—that is, further
conditioning would result in no decrease in drag.

Static-pressure measurement.—Flush orifices, closely spaced
near the nose and in the vicinity of the openings, were
installed along the top of the body. Additional static pres-
sures on the bottom and on the side of the streamline body
were obtained by means of a small movable static tube.
The pressure tubing was led through a channel in the wing
to a multiple-tube alcohol manometer in the test chamber.

Boundary-layer measurements.—The measurement of the
boundary-layer profiles used in determining the transition
point and in showing the effect on skin friction of air inlet
was made with small survey units comprised of a single static
and four total-pressure tubes. A discussion of the details of
the method of determining the location of transition and a
description of the small survey unit are given in reference 4.

Weke surveys.—In order to ascertain whether the drag-
force measurements were affected by possible variations in
the wind-tunnel pressure gradient due to air inlet at the nose,
momentum-loss measurements were made in the wako be-
hind the model with nose B. Vertical {otal-pressure-loss
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profiles were obtained at 23 spanwise stations behind the
wing and body at several rates of air inlet. The effective
drag of the body was obtained by subtracting from the total
drag of the section surveyed the drag of a corresponding sec-
tion of the wing. The wake surveys were made only with
nose B. .

TESTS

The drag and the pressure-distribution measurements were
made simultaneously. The transition determinations re-
quired a separate series of runs for each configuration.

Tests of the wing alone and of the wing with the streamline
body were carried to 450 miles per hour. The tests of the
openings were made at one speed only: 140 miles per hour.
This speed was selected from considerations of the available
blower performance and of the magnitude of the drag forces
required for adequate precision.

The tests were made at an angle of attack of 0° (referred
to the axis of the streamline body) with the exception of the
runs with the gun in the inlet opening of nose B, which were
carried to 3.5°.

RESULTS

The method of computing the velocity, the Mach number,
and the Reynolds number in the Langley 8-foot high-speed
tunnel is described in reference 5.

The drag data are presented in terms of the external-drag
coefficient O, plotted as a function of the internal-flow

quantity coefficient p@/ps FV. The external-drag coefficient
represents the effective external drag of the body in the
presence of the wing; the drag due to the internel flow was
deducted from the measured effective body drag in all the
tests.

The drag due to the internal flow arises from the change
in the momentum of the flow in the drag direction. From
the momentum equation,

Drag force=2\lass flow X (Vi— 17,

where 17; and V7, are taken at the same static pressure and
in the same direction as the air stream.
For the inlet-opening tests,

7=V
and

Te=0

because the air was brought to rest in the drag direction.
The drag-coefficient increment due to the internal flow there-

fore is
pQT 2<poFT )

For the outlet-opening tests, the air exhausted through
the outlets had no initial velocity in the drag direction—that
is, 1;=0. The velocity at the exit opening v was necessarily
measured where the static pressure p, was generally different
from the stream static pressure. Therefore the final outlet
velocity attained at some distance behind the model where
the pressure had returned to the free-stream static pressure

DFiietes
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e was computed by Bernoulli’s theorem

o 2o}
and

DPtyuster th? v‘2+ PO)]I
or

Copy =2 (o) [ (3 +2Z2T"

For the tests in which inlet-outlet combinations were
investigated,
+C

Dy
Fianilet

D D
Fi Fitnlet

cembination

whence
o\ (P«—Po):[m}
C’D"Gmbll“fdﬂ_2< OF"7) {1—'[<1r + qu
or, in terms of the mean total-pressure loss in the duct AH,

1—

Dga. I
Fioombization

It will be observed from these equations that the large
internal drag in the inlet tests and the thrust in the outlet
tests are balanced in the combinsation tests, so that only a

=0T

relatively small internal drag due to total-pressure losses in

the duct occurs.

The internal flow quantity coefficient pQ/poF' 1 appearmg -

in the equations is the ratio of the mass flow through the
internal ducts to the mass flow at stream velocity through
the area F, the maximum cross-sectional area of the body.

The pressure-distribution results obtained in the tests of
the individual inlet and outlet openings are presented for a
number of values of the ratio of mean velocity in the opening
to stream velocity #/V. This parameter determines the local
angle of attack at the inlet nose lip and hence governs the
pressure distribution over a given nose shape.

The characteristics of the streamline body are shown in
figures 8 to 11. Low-speed pressure-distribution dats are .
given in figure 8, and the variation with Mach number of the
peak pressure coefficients Pue on top of the body for the
wing-body combinsation is presented in figure 9 with extra-
polations to show the critical Mach number of the combina-
tion and of the body alone. The variation with MMach
number of the critical pressure coefficient P,,, the pressure
coefficient corresponding to the local attainment of sonic
velocity, is also shown in figure 9. Figure 10 shows the

results of the transition measurements, and in figure 11 the

force-test results, for Reynolds numbers ranging from

4,000,000 to 20,000,000 and the corresponding 3/ values of
0.10 to 0.60 are given.

The results of the tests of the inlet openings with the inlet

air exha.ustmg through the external-blower system are pre-
sented in figures 12 to 21. Figure 12 shows the pressure

distributions about the three inlet openings for various values . ___

of »/V (ratio of mean inlet velocity to stream velocity) com-
pared with the streamline-body distribution. Only the
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forward quarter of the body is represented because the pres-

sures over the remainder of the body were essentially un-.

effected by the inlet openings. In figure 13 the pressure

distributions on the bodies with noses A, B, and C and on the '

streamline body are compared at the condltlon of zero inlet
flow and at & flow coefficient of 0.057, & practiceble high-
speed value. The inlet-velocity ratios corresponding to this
flow coefficient are approximately 0.20, 0.40, and 0.80,
respectively, for noses A, B, and C.

The drag and the transition results obtained are correlated
~ in figure 14. Figure 15 shows the drag-force data obtained
- with transition artificially fixed near the leading edge of the
noses as compared with that of the streamline body with
transition fixed at corresponding locations. The drag ob-
tained from the wake surveys is also plotted in figure 15.
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In the correlation of the pressure distribution and the
transition data, it was found that for values of AP (fig. 16)
greater than approximately 0.2, transition (fig. 14) occurred
at the location of the pressure peak. For lower values of
AP (higher rates of air inlet), extensive laminar boundary
layers existed in spite of the large adverse pressure gradient
that followed the peak.

The effect of air inflow (nose B) on the boundary-layer
velocity profiles at two stations on the body is shown in
figure 17,

In figure 18 the changes in pressure distribution resulting
from modifications of the lip shape of nose inlet B4 (one of
the intermediate shapes tested in developing nose B) are
given. The force-test results obtained with these modifica-
tions showed that shapes B—4a and B—4b caused very slight
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FIGTRE 18, —THe effect on sm.tic-pressufe distribution of variations In nose shupe at the duct
s
entry. —=0.30.

FigUrE 19.—Nose C with conlcal expanding duct and with inner cowl.

increases in external drag; the cut-out, B—4c, had no effect
on the drag. Major changes in the internal duct employed
with nose C (fig. 19) had no measurable effects on either the _
external pressure distribution or the external drag.

Optimum nose shepes for arbitrary inlet-duct sizes —In °
order to make poss1b1e the derivation of optimum nose pro-
files for mlet—open.mg sizes other than those investigated, the
three nose profiles tested were reduced to the same length
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the tip of the streamline body.

(measured from the L/4 station of the streamline body) and
the same depth. The ordinates thus obtained are given in
table IT and plotted in figure 20. The marked similarity of
the profiles plotted in this way suggested that optimum nose
shapes for intermediate inlet-opening sizes on the streamline
body could be obtained either by interpolation or by the use
of the mean of the three profiles of figure 20. The optimum
nose length as a function of the inlet-opening diameter is
given in figure 21. The actual nose-profile ordinates for a
given inlet diameter are related to the nondimensional
ordinates of figure 20 and table II as follows:

z =<§—;) X

or —_ . _

~5)E)

where [ is obtained from figure 21.

| : y’=<—§—;) (ﬂzu—%

Similerly,
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where y., is the ordinate of the streamline body at the
quarter-length station. If desired, the nose ordinates re-
ferred to the end and center line of the streamline body (as
in table I) may be obtained from the relations

and
e
or
: ™ { l l
1=(%) (0257 )47 :
and ’

=¥ )(090— )+D

The results obtained in the tests of the outlet openings
with air supplied by the blower are shown in figures 22 to 26.
Figures 22 and 23 show the pressure and force-test results
for outlets at the tail. Transition measurements with the
largest tail outlet showed that transition occurred at the
same station as on the streamline body (fig. 10). The pres-
sure distribution obtained with the two annular outlets is
shown in figure 24. Force-test results for the 63-percent
annular outlet aregiven infigure25. Transition measurements
with the 21-percent annular outlet showed that transition
occurred at the outlet for all rates of flow. The 63-percent
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FIGURE 22.—The statle-pressaure distribution on the afterbody with a typical tall outlet.
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annular outlet was about 0.14L behind the most

rearward position of the transition point but appeared to
have & slight influence on the transition location, such that

the location was displaced somewhat toward the tail as the  _

flow rate was increased.

Figure 26 shows a sketch of the probable outlet flow con-
ditions with tail outlet D and with a suggested improved
form of tail outlet.

Before the results of the inlet-outlet combination tests are

presented, figure 27 is given in order to show the relatively =

small internal drag occurring in the combination tests. At
high flow rates, where no internal resistance plate was re-
quired, this internal drag approached zero; whereas in the
individual opening tests the internal drag was several times

the external drag of the body. The external-drag deter- .

minations in the combinsation tests were consequently more
reliable than in the tests of the single openings.
Figures 28 to 32 show the drag results obtained for the

combinations of inlets with three tail outlets. Flgure 33 ___
compares the drag of the 63-percent annular outlet with

that of tail outlet C when tested In combination with nose B. '

The pressure-distribution results obtained with the com-
binations are not shown because no consistent measurable
interference effects occurred—that is, the outlets had ne

appreciable effects on the pressures at the inlets and vice .
Similarly, the transition locations on the combina-

versa.
tions were the same as in the tests of the inlet openings alone.

In figure 34 the drag of the nose B and tail C combination
is compared with an estimate of the drag based on the tests
of the single openings. The drag increments (above the
streamline-body drag) due to nose B and tail C were added
to the streamline-body drag in meking the estimate.
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The main increase in drag due to the guns (table ITI) oc-
curred at angles of attack other than zero ag a result of partial
separation of the external flow at the top of the nose asevi-
denced by the pressure-distribution plots (fig. 35). Increasing
the rate of air inlet had a beneficial effect in reducing or pre-
venting this separation. The smooth-barrel cannon had con-
siderably less drag than the machine gun (sketched in fig.
35). Decreases in the length of the barrel extending beyond
the nose resulted in appreciable drag reductions. It has
been found that the drag of & smooth-barrel gun was con-
siderably reduced by replacing the sharp edge at the muzzle

of the gun with & rounded edge of small radius.
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Fiaure 25.—Variation with flow coefficient of the external-drag cocfMelent obtained with the
annualar outlet opening at the 63-perennt station.

FIGURE 28.—8ketch of flow conditions (no Internal losses) for a tail outlet opening, similar to
those tested, and for & suggested fmproved type.

It is con-
gidered likely that the unfavorable effects of the guns would
be somewhat less in the high Reynolds number (fixed tran-
sition) condition than shown in table III, because no drag
would result from disturbance of the laminar flow.

-

PRECISION

The accuracy of the body-drag determinations was some-
what impaired by the high drag of the wing with fixed
transition relative to the body drag, the effective body drag
varying from about 0.5 to 0.3 of the wing drag. In the tests
of the individual openings, additional sources of error were
the leakage of air in the external ducts and possible changes
in the tunnel-pressure gradient due to the removal or the
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FIGCRE 27.—Comparison of magnitude of total body drag with internal drag in typical tests
of Individual openings and of a cambinsatlon of an let and an outlet cpening.

addition of air to the tunnel stream. The results obtained
with the inlet-outlet combinations, however, are believed
free of these two sources of inaccuracy because no air was
added or removed from the tunnel and no leakage was likely
due to the absence of all external ducts. A buoyancy cor-
rection of about 10 percent of the effective body drag was
applied to all of the force-test results.

The wake measurements are more nearly free of these
sources of error that affect the force tests. Evaluation of the
possible magnitude of the drag-test errors will be made in the
discussion of the results.

The precision of measurement of the rate of internal air
flow is considered to be of a high enough order so that the
external-drag determinations are practicelly unaffected by
the small error in obtaining the internal drag, except possibly
in the case of the individual opening tests at the highest rates
of air flow. Repeated calibrations of the venturi during the
tests showed excellent sgreement.

The only significant sources of error in the pressure data
are due to the inaccuracy of flow measurement and the
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FiGTRE 28.~Variation with flow coefficient of the external-drag coeficients for nose inlet

opening A combined with varfous tall ontlet openings.

tunnel-weall effects. The maximum possible change in the pres-

sure coefficients due to the tunnel-wall effects was computed
to be only about 3 percent. Possible errors in flow measure-
ment could cause measurable changes in pressure coeﬁ”lmsnts
only at the lowest inlet-velocity ratios.

DISCUSSION
STREAMLINE BODY

Py

Pressure distribution and transition.—The presence of the
wing had a pronounced effect on the pressure distribution
over the body (fig. 8). The local velocities over the central

portion were increased and the peak-pressure point was

809

moved forward. At low Reynolds numbers the disturbances

due to the wing controlled the location of transition on the -

body. (See sketch in fig. 10.) There was a rapid forward
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FI1GURE 29.—Variation with flow coeficient of the extornal-drag coefficients for nose Inlet
opening B combined with various tail outlet openings.

that at the highest test Reynolds number transition occurred
considerably ahead of the leading edge of the wing (fig. 10).
If a similar forward movement of transition with Reynolds
number should occur under flight conditions, the extent of
laminar flow obtainable at full-scale Reynolds number would
be slight. +
Critical speed.—The variation with the Mach number of
the peak pressure coeflicient on top of the body (fig. 9) was
found to agree well with the theoretical variation (obtained
from reference 6). Extrapolations of the low-speed, peak
negative pressure coefficients to the critical pressure coeffi-
cient (at which the speed of sound is attained locally) were
made according to the theory. The critical Mach number
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of the streamline body alone was thus found te be 0.84
(fig. 9), which corresponds fo 600 miles per hour at 20,000
feet (—12° F) in standard air. The critical speed of o
wing-body combination is considerably less than that of either
component, owing to the increase in peak negative pressures
on the wing due to the presence of the bady. (Scereference 6.)

Effective body drag.—Figure 11 shows the large differences
in drag at low Reynolds numbers between the fixed and the
natural transition conditions. Calculations based on flat-

‘plate skin-friction coefficients showed that these differences

are wholly accounted for by the changes in skin friction on
the body. The difference decreases with increasing Reynolds
number due to the forward movement of the transition point
(fig. 10). The rise in the drag coefficient at the high Mach
numbers is indicative of the approaching ecritical speed of
the wing-body combination (estimated Af.,=0.66). Com-
parison of the magnitude of the low-speed drag coeflicients
with the results obtained in reference 3. for the NACA 111
form indicated that the flow over the body was satisfactory.
Tuft surveys corroborated this conclusion. It was found,
however, that the addition of the body to the wing caused a
local separation of the flow at the trailing edge of the wing.
The effective drag of the body was therefore somewhat
higher than it would have been had a more efficient wing-
body juncture been employed.

NOSE-INLET OPENINGS

Pressure distribution.—The nose-inlet shapes employed in
this investigation were developed in a series of tests in which
the nose shape and the length for a given inlet size were
progressively modified to obtain the most satisfactory drag
and pressure-distribution characteristics. It was found that
by taking air into the body at sufficiently high velocitics the
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05

high negative-pressure peek which occurred over the noses
at low flows could be greatly reduced in magnitude; for the
smaller inlet sizes, the peak could be entirely eliminated.
This result has the obvious beneficial effect of greatly in-
creasing the critical compressibility speed which, as in the
case of NACA cowling installations (reference 2), is generally
fixed by the magnitude of the peak-negative pressures at the
nose. In addition, it was found that laminar boundary layers
as extensive as the ones with the streamline nose could be

obtained. The design objectives then aimed at in developing’

noses B and C were to eliminate the pressure peak at as low
an inlet-velocity ratio as possible and to obtain a uniform
favorable pressure gradient similar to that of the streamline
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Fiaure 82.—Comparison of the external-drag coeiclents of the three nose-Inlet openinp
tested with tail outlet opening C.

body. Figures 12 (b) and 12 (¢} show that the desired results

were achieved when the inlet-velocity ratios reached or

exceeded 0.3 or 0.2 for noses B and C, respectively. Ixtensive
laminar boundary layers (fig. 14) were formed even before

the peak was fully eliminated with values of AP (fig. 16)

as high as 0.2.

For the largest inlet opening, nose A, it was meosmble _

entirely to eliminate the pressure peak, even with imprac-
tically high rates of air inlet (fig. 12 (a)). The peak was

greatly reduced at practical inlet velocities but little advan-~

tage due to laminar flow was attainable (fig. 14).
Comparison of the pressure distribution of the streamline
body with those for the three noses is made in figure 13 at &
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outlet at the 83-percent station of the fuselage. Nose B.

value of the flow coefficient corresponding to high-speed
flight conditions and at zero flow.

Critical speeds.—The critical Mach number correspondmg
to the pressure peak on the largest inlet opening, nose A, at
a practical rate of air inlet for a large.radial engine (fig. 13) )
is 0.64. With the smaller inlets, noses. B and C, no pressure
peak occurred, and the indicated local velocity increments
were so small that the critical speed of a fuselage employing
these shapes would be determined by the cockpit enclosure
or the wing-fuselage juncture—that is, the highest local
velocity would occur at some point other than on the nose.

External drag.—Figure 14 shows that the abrupt decreases
in external-drag coefficient of noses B and C at low rates of
flow occurred as & consequence of the formation of extensive
low-drag laminer boundary layers. This phenomenon did
net occur with nose A because, as previously discussed, the
unfavorable pressure distribution near the nose precluded
the possibility of appreciable laminar flow. It will be
noticed, however, that the drag of nose A showed a general
decrease with increasing flow coefficient as did the dregs of
noses B and C after the laminar boundary layers had been
formed. Similar decreases occurred with transition fixed
(g. 15). '
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In order to aid in finding the cause of the decrease in drag
with increasing air-inlet velocity, partial boundary-layer
velocity profiles were measured at two stations, 0.15L and
0.35L, behind nose B with fixed transition for a wide range of
inlet-flow ratios. The results (fig. 17) showed a decrease in
the thickness of the turbulent boundary layer as the rate of
air-inlet velocity was increased in spite of slight decreases in
the velocity outside of the boundary layer. Two conclusions
may be drawn from this result:

(1) The losses over the forward part of the nose are
decreased ag air inlet is increased.

. (2) The skin friction over the main part of the body
(to the rear of the 0.15L station) should increase
slightly with air inlet.

From the drag results (fig. 15), it is evident that the de-
crease in losses at the nose more than compensates for the
slight increases in skin friction behind the nose because an
over-all decrease in external drag with air inlet occurs.

In regard to the magnitude of the external drag with air
inlet, figure 14 shows that the external drag with noses B
and C was reduced to less than that of the streamline body.
For the fixed transition condition, the drag of these noses
was approximately the same as for the streamline body.
With nose A, in both cases, the drag was considerably higher.
Tests of the three noses in combination with tail outlet C
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(fig. 32) showed about the same relative drag characteristics
as the tests of the single openings. The fact that the ex-
ternal drag with the openings decreased to that of the stream-
line body may be accounted for by the fact that the wetted
area with the openings is somewhat less than that for the
streamline body. In addition, the passage of air through
the internal system has an effect on the external flow similar
to & decrease in the effective thickness of the body.

The wake-survey results (fig. 15) show that the rate of
drag decrease with air-inlet-flow coefficient was actually
somewhat less than that indicated by the force-test results.

903

The exaggerated effect shown by the force data is believed
due to Ieakage and possible changes in the tunnel-pressure
gradient as air was removed at the nose of the body. Maxi-

muin leakage would occur where the pressure in the duct |

system was the greatest and may account for part of the

maximum discrepancy (7 percent) between force and wake

drags oceurring at zero flow, where stagnation pressure existed
in the ducts. At a flow coefficient of about 0.11, the mean
duct pressures, and hence leakage, reached a minimym; at
this point the force and wake data agree closely.
for the range of flow covered in figure 15, leakage effects

apparently predomm&ted over possible changes in the buoy— -

ancy effect in exaggerating the rate of drag decrease with air
nlet.

Inlet-opening size.—The size of the inlet opening in an
actual installation should be governed by considerations of
both the external and internal flow. In a consideration of
the external drag, it bas been shown that nose B, although
twice as large in area as nose C, weas equally eﬂ'ectlve, S0
that either nose might be employed, the choice depending
on the quantity of air flow required. It has also been shown
that the opening must be designed for an inlet-velocity ratio
of at least 0.3 in order to permit the nose-pressure peak to be
eliminated. Higher inlet velocities would be of some benefit
externally.

High inlet-velocity ratios are detrimental to the internal-

duct efficiency because they necessitate large expansions

and make the friction and bend losses high. It is suggested

in reference 7 that low inlet velocities may have an additional

adventage to the internal flow in that comparatively large
expansions can be made efficiently near the inlet owing to
the natural spreading of the streamlines at this point.

At least

The final compromise between the conflicting require-

ments of the internal and the external flows will depend on
the internal arrangement and the space available for the
ducts. In general, it is believed that efficient installations
mcorpora.tmg nose B or nose C should have mlet—velocxty
ratios in the range of 0.3 to 0.6.

Derivation of optimum nose profiles for arbitrary inlet-
opening sizes.—The method, described in section entitled
“Results,” for obtaining suitable nose-inlet shapes for inlet
sizes other than those tested (see figs. 20 and 21) is obviously
strictly applicable only to openings on the modified 111 body

form. It was thought possible, however, thet the shapes

obtained by this method could be applied with good results

where only the basic forebody profile was similar to the 111
body form. In a subsequent investigation (reference 8)

it was found that considerable stretching of the nose B profile _

was permissible with the stretched profile still retaining the
desirable flat pressure contour and low values of the pressure
peak. It was thus indicated that the profile ordinates of the
present tests could be directly used in the design of nose

inlets having proportions greatly different from the shapes
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developed in these tests. In order to simplify the procedure
of designing inlets of other proportions, it was found desirable
to base the nondimensional ordinates on the distance X
from the maximum diameter station (0.4L) to the nose rather
than on the distance from the 0.25L station to the nose, as
suggested under ‘“Results.” Reference 9, which was an
outgrowth of the present work, presents high-speed-test
results for related inlets derived by the foregoing method and
covers g wide range of proportions.

Internal-duct shape near inlet opening,—The modifications
of figure 19 consisted of a conical expansion with & 10° in-
cluded angle, a large irregular expansion formed by the cut-
out for the inner cowl, and a gradual (4° equivalent cone)
annular expansion obtained with the inner cowl. None of
these changes had a measurable effect on either the external
drag or the pressure distribution.. Modification B—4c of
figure 18 likewise had no effects. Modifications B—4a and
B-4b of figure 18, however, caused slight drag increases and
disturbed the external pressures at the nose. These latter
modifications are eguivalent to inferior nose shapes cor-
responding to smaller inlet sizes than the basic nose B inlet.
It will be observed that the intermal-duct shapes included
both satisfactory and very inefficient designs and that neither
had any external effects, provided that the size of the inlet
was not altered.

Angle of attack.—The effect of increase in angle of attack
from 0° to 3.5% on the pressure distribution over the top of
nose B can be seen in figure 35. A considerably higher air-
inlet-velocity ratio is required to reduce the pressure peak at
3.5° angle of attack than at 0° angle of attack. Inflight, the
inlet-velocity ratio would automatically increase with angle-
of-attack increases owing to decreases in the flight speed,
if the engine power were assumed constant. Force-test data
obtained with fixed transition on a fuselage model employing
nose C (reference 8) showed that the exiernal drag, at an
inlet-velocity ratio of 0.56, was practically constant over the
angle-of-attack range of 0° to 3.5°.

OUTLET OPENINGS

The outlet openings tested were not optimum shapes
arrived at by a series of tests, as were the inlet openings. As
previously stated, they merely represented typical practice
in the design and the construction of outlets. It became
apparent during the course of the tests that the openings
had several undesirable characteristics, but it was not
feasible at,the time to extend the investigation to include
modifications. Further outlet research embracing the im-

provements that suggested themselves in the course of this

investigation are included in references 8 and 10.

Pressure distribution.—The effect on the pressure distri-
bution of air flow from the outlets was generally unfavorable.
In the case of the annular outlets (fig. 24) a negative-pressure
peak occurred at the higher flow rates, owing to an effective
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thickening of the body due to the flow of exhaust air in the
rear of the openings. In some ceses, the peak was suffi-
ciently high to fix the critical speed of the body. The pressure
disturbance at the 21-percent outlet preeipitated boundary-
layer transition at all outlet velocities.

The static pressure at the tail outlets (fig. 22} beeame more
positive as the flow was increased. This effect was due to
the fact that the streamlines of both the internal and the
external flows were converging at the opening, so that con-,
siderable. contraction of the flow in the rear of the outlet
resulted. Thus, about one-third of the total pressure
(measured from p,) at the tail outlets was in the form of
static pressure which, of course, increased as the flow ratio
was advanced. The static pressure in the infernal flow at
the outlet tended to be considerably more positive than that
of the external flow near the tail outlet. The high outlet
pressures are believed to have caused loesl separation of the
external flow near the tail outlets.

Externgl drag.—The external drag with the 63-pereent
annular outlet (fig. 25) at first decreased as the flow rate
was advanced probably because of the elimination of locally
separated flow in the wake of the opemng, and then it
increased rapidly, probably because of the inereasing skin
friction over the part of the body in the wake of the outlet.

Similar drag characteristics were exhibited by the tail
outlets wherever veloc1ty ratios o/V, up to 0.5 or greater,
could be attained, as in the case of tails D and F tested
singly (fig. 23) and tails B, C, and E tested in combination
with the noge inlets (figs. 28 to 31). The rise in drag at the
higher flow rates in the combination tests is shown con-
clusively in figure 30 to be due to the {ail outlets. When
compared on the basis of tail-outlet-velocity ratio (fig. 30)
instead of flow coefficient (fig. 29 (a)), the drag obtained
with three outlets of widely different size shows close agree-
ment. The drag increase at the higher tail-outlet-velocity
ratios is believed to be due to local separation of the external
flow as a result of the high outlet pressures.

The tail outlets were superior to the annular outlets. A
comparison of tail C with the 63-percent annular outlet in
combination with nose B (fig. 33) shows that in spite of a
somewhat larger area the tail outlet had the lower drag
throughout the range, particularly at the higher outlet
velocities. As would be expected, the comparison was
independent of the location of boundary-layer transition
because neither opening had any appreciable cffcet on the
transition location. -

Outlet-opening design.—The outlet velocity is not
arbitrary as is the inlet velocity but is fixed by the internal
total-pressure losses and the pressure drop across the system.
From the standpoint of the internal drag, it is desirable to
bhave the outlet total pressure as mnearly equal to the free-
stream total pressure as possible so that a minimum amount
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of energy will be left in the wake. In well-designed cooling
systems, the internal totel-pressure losses are only & few
percent of the free-stream total pressure at high speeds.
Under these conditions, the ideal outlet total pressure is
approached and the internal drag is small. The relation be-
tween internal total-pressure loss and the internal drag was
shown in the section entitled “Results.” The outlet velocity
at a given flight speed is readily calculable from estimates of
the total-pressure losses and the pressure drop across the
system. A contraction or an orifice coefficient (dependent
on the outlet shape) should be applied to the velocity as com-
puted from the pressure characteristics. With the tail out-
lets tested, for example, the velocity at the outlet was about
0.8 of the final velocity. For the annular outlets, the co-
efficient was roughly 0.9. The velocity having thus been
obtained at the outlet, the size of the opening will depend on
the required quantity of air flow.

The economy of passing exactly the required smount of
cooling air through the internal system at all flight speeds is
generally appreciated. Variation in the size of the exit
opening is the most efficient method of controlling the rate of
flow.

The shape of the opening is not critical as far as the in-
ternal flow is concerned, provided there are no expansions.
But the present tests have indicated that the external flow
mey be adversely affected if the static pressures are different
from those of the main stream near the outlet. The shape
of the opening, therefore, should permit the internal air to
exhaust at the same static pressure as exists in the external
flow near the opening. A suggested optimum tail-outlet
shape is sketched in figure 26, and the flow characteristics are
compared with those existing at one of the outlets tested for
the ideal outlet condition of free-stream total pressure in the
opening. The desired conditions at the outlet are obtained
in the proposed opening by eliminsting the contraction of the
outlet flow. The desired outlet conditions can be attained
at any outlet location by making the streamlines of both
internal and external flows parallel.

The optimum shape for an annular-outlet opening is not
as obvious as in the case of the tail outlets. It is evident
from figure 24, however, that the body fairing immediately
behind the outlet should be altered to reduce the thickness of
the body and thus to relieve the thickening effect of the outlet
flow. Further research is recommended to determine in
detail the shapes required to give the minimum disturbance
to the static-pressure distribution.

In regard to the relative merits of the annular and the tail
outlets for efficient internal systems, it is probable that the
optimum tail outlet will be superior to the best possible
annuler outlet because the high-velocity flow from the annu-
lar openings will generally increase the skin friction of the
portion of the body in the wake of the outlet.
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INLET-OUTLET COMBINATIONS

The combination tests (figs. 28 and 3:4) are of principal
interest in showing that the over-all external drag of the body
with suitable inlet and outlet openings of practicable size

was no higher than that of the basic streamline form. This

result was obtained at rates of internal air flow sufficient for
cooling a radial engine located at the maximum fuselage sec-
tion at moderate to high-speed flight conditions.

The variation of the rate of internal flow in the combma-
tion tests was accomplished by means of varying the internal
resistance. At the condition of maximum flow attainable
with a given outlet size, the internal losses were very smail
and consequently the outlet conditions closely approached
the ideal. The outlet velocities over approximately the

-

higher 25 percent of the flow range covered with each outlet

correspond to high-speed-flight outlet conditions for typical
heat-exchanger installations; at lower flow rates the internal-
resistance losses were considerably higher than would be
encountered in present practice. The actual magnitude of
the internal drag throughout the flow range covered with tail
C is shown.in ﬁgu.re 27.

The rise in drag at the higher flow rates has been shown
to be due to the unfavorable outlet conditions at the higher
outlet velocities (fig. 30). It is believed that by improving

the outlet design as suggested in figure 26 the rise in drag at_

the high outlet velocities would be eliminated.

It will be observed that the drag obtained for the best
combinations with fixed transition was, in general, slightly
greater than for the streamline body with transition fixed at

the same station. The difference may be entirely accounted -

for by the higher drag of the carborundum strip itself when

located 2t the nose of the inlet openings than when located

in the thicker boundary layer on the streamline body. In
addition, it should be remembered that the stations selected
for fixing the tramnsition on the streamline body are entirely

arbitrary. Under actual flight conditions, transition on the_

streamline body might occur somewhat ahead of the corre-

sponding station on the noses owing to the greater length of
the streamline body.
line body would be relatively higher than in the present
comparisons.

In this case, the drag of the stream-

The drag of the inlet openings in the presence of the outlets,

and vice versa, was considerably less than it was when the
openings were tested individually. (See fig. 34.) A part of
this effect, particularly at low rates of internal flow, may be
due to leakage in the tests of the individual openings, as has
previously been pointed out. Another contributing factor

of secondary importance may be the difference in the methods

of restricting the internal flow—that is, the resistance plates
inserted near the inlet opening in the combination tests
(fig. 2) may have had some small tendency to affect the
external flow. In general, however, it is reasonable to expect
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that the openings, in combination, would contribute less
drag than when tested individually.

Comparison with NACA cowling.—The results of referencel .

provide a comparison of the inlet-outlet combinations with
the NACA cowling. In the investigation cited, the best
NACA cowling shape of reference 2 was adapted in a typical
fuselage installation to the NACA 111 fuselage form. This
basic streamline shape was almost identical with the body
employed in the present tests, and the effective body-drag
coefficients with natural and fixed transition, 0.040 and 0.055,
respectively, were practically equal to the corresponding drag
coefficients, 0.042 and 0.054, obtained in this investigation.
The flow and the boundery-layer conditions on the basic
shapes employed were evidently quite similar. The drags
of the cowling with fixed and natural transition as given in
reference 1, with cooling air flow, were reduced about 5
percent to obtain the external drag necessary to the com-
parison. The results, taken at the same Mach number and
at very nearly the same Reynolds number as in the present
tests, are shown on each of the figures along with the results
of the combination tests (figs. 28, 29, and 31) with the tail
outlets.

The combinations tested were aerodyna.mlcal]y superior
to the NACA cowling, particularly in the natural transition
condition where the inlets B and C permitted extensive
laminar flow and caused no increase in drag. The NACA
cowling preduced a drag increase of same 56 percent in this
case.

The NACA cowling shape employed in the tests of refer-
ence 1 was developed (reference 2) to have the highest
eritical speed, AM,,=0.63, of eight typical cowling shapes of
the same over-all dimensions. The critical speed of the
body alone with the largest of the present inlets, nose A,
was M,,—=0.64 at a practicalrate of airinlet (fig. 13). Withthe
smaller inlets the critical speed was advanced to Af,,=0.84,
the critical speed of the basic 111 fuselage shape.

CONCLUSIONS

The results of this investigation of inlet and outlet openings
led to the following conclusions:

1. Modification of a streamline body perxmttmg air inlet
at the nose and outlet at the tail can be accomplished without
increasing the external drag.

2. Inlet profiles were developed which, with practicable
rates of air flow, produced velocity distributions approaching

closely that of the basic streamline body. Consequently,
the critical speed was as high as that of the streamline body
and the same favorable laminar-boundary-layer-flow condi-
tions were realized.

3. The test results indicated that outlet openings should

. be designed so that the static pressure of the internal flow

at the outlet would be the same as the static pressure of the
external flow in the vicinity of the opening.

4. The internal-duct shape near an inlet of given size had
no appreciable effect on the external drag or pressure
distribution.

5. The location of a simulated smooth-barrel gun in the
nose-inlet opening caused no appreciable increase in drag at
low angles of attack. The muzzle of the gun should be
slightly rounded, and the length of barrel extending beyond
the inlet should be as small as possible.

LaxeLEY MEMORIAL AERONAUTICAL LABORATORY,
NaT10NAL ADVISORY COMMITTEE FOR AERONAUTICS,
LaweLEY FiELD, VA, September 11, 1940.

REFERENCES

1. Draley, Eugene C.: High-Speed Drag Tests of Several Fuselage
Shapes in Combinsation with & Wing. NACA ACR, Aug. 1940.

2. Robinson, Russell G., and Becker, John V.: High-Speed Tests of
Conventional Radial-Engine Cowlings. NACA Rep. 745, 1942,

3. Abbott, Ira H.: Fuselage-Drag Tests in the Variable-Deusity
Wind Tunnel: Streamline Bodies of Revolution, FFineness Ratio
of . NACA TN 614, 1937.

4. Becker, John V.: Boundary-Layer Transition on the N.A.C.A.
0012 and 23012 Airfoils in the 8~Foot High-Speed Wind Tunnel.
NACA ACR, Jan. 1940.

5. Hood, Manley J.: The Effects of Some Common Surface Irregu-
larities on Wing Drag. NACA TN 695, 1939,

6. Robinson, Russell G., and Wright, Ray H.: Esiimation of Critical
Speeds of Airfoils and Streamline Bodies. NACA ACR, March
1940.

7. Patterson, G. N.: The Design of Aeroplane Ducts. Rules To Be
Followed for the Reduection of Internal and Ixternal Drag,
Ajrcraft Engineering, vol. XI, no. 125, July 1939, pp. 263-208.

8. Becker, John V., and Baals, Donald D.: Wind-Tunnel Tests of a
Submerged-Engine Fuselage Design. NACA ACR, Oct. 1940.

9. Baals, Donald D., Smith, Normen F., and Wright, John B.: The
Development and Applieation of High-Critical-Spced Nose
Inlets. NACA Rep. 920, 1948.

10. Beckst, John V., and Beals, Donald D.:
Ducted Body with Various Air-Outlet Openings.
May 1942,

High-Speed Tests of a
NACA ACR,



WIND-TUNNEL INVESTIGATION OF AIR INLET AND OUTLET OPENINGS ON A STREAMLINE BODY

TABLE I

ORDINATES OF STREAMLINE BODY AND NOSE INLETS

L
lp— T
P 7
d_r_ - = D
6—3—1 - l’
Streamline body
L R 4L ¥E
a 0 0. 5000 0.658
. .01 . 190 . 5500 052
. 0250 <287 . G000 .8%8
070 836 . 7000 T2
. 1000 620 . T500 .612
. 1500 T2 . 8000 461
. 2000 828 3500 371
. 2500 ., 838 . 9000 .29
. 3500 952 9750 -0624
. $000 1000 1. G000 a
. 4500 1.000
D
B 1——0.20
Nose A Nose B Nose C
4L 73:4 4L R L ¥R
0.1238 0. 550 00854 0. 396 0. 0538 0. 286
1244 .58 0657 . 408 .05 -2
. 1250 87 0680 416 . 0543 <3G
. 1258 . 58i . (664 A <0546 .31
. 1285 .55 . 0663 426 .05a0 317
JEIT2 602 0674 .432 0557 .32
.1256 614 .0882 439 . 0564 -
. 1300 .628 0636 <451 .0578 349
L1322 640 0724 472 .0533 .36
. 1358 . 661 . 0796 518 . 0607 375
. 1304 .680 . 0868 . 550 0643 404
. 1485 .08 039 580 .0678 49
. 1536 .732 L1052 . 630 0750 473
. 1808 .752 1224 .60 .0822 810
L1679 . 768 . 1368 . 706 . 0004 874
L1822 797 . 1664 .08 1107 626
. 1965 R.vil .1938 .817 . 1393 i
L2108 .842 - 2054 R--7 1638 .7
B 875 <2321 876 . 1968 821
. 2500 .898 . 2500 .88 2522 .876
2500 . 508
1
r r r
TO.OI-L‘S TO.OH-‘! E=0.ﬂl43
I I I
I—G.IZSS Tom 3-:0.0536
d [ [ ]
3-0.5300 3-0.3785_ -1—7-0.2633

TABLE II
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ORDINATES FOR DERIVING OPTIMUM NOSE SHAPES FOR___
INLET DUCT SIZES OTHER TEAN THOSE TESTED « h

IIX vy

4 g d Mean

70-636 =037 | 0.268
0 0.039 0. 038 0.027 0.034
008 .00L .09 060 -080
.10 119 .10 .089 103
020 .160 W185° .12 139
-030 .192 .163 .152 .16
-05%0 247 a1 ~204 3%
.075. 303 -6 .268 .
.100 352 304 308 .321
150 . 435 . 382 .32 AR
- 200 .01 448 462 RN
.300 .603 - 555 4 .57
-400 Nnl -644 . 664 .602
-500 T80 .Ta . T4 734
. 600 .798 .78 804 I
. 800 -902 .80 -910 - 904
1000 1.000 L0 1000 Lo

« Bee fgure 20.
TABLE III

INCREASE IN DRAG WITH SIMULATED GUN IN

NOSE-INLET OPENING

SN

Nose B
(natural fransition)
hosmle
o - ¥ g
(de) La 7V | dne togun,
percent
S0-caliber machine gun
¢ L13 [ 12.8
Q 113 <25 12.5
1] L13 5 10.6
1] 87 1] s
[1] 0 [1] 2.6
LS 113 0 2.5
16 L13 .25 16.1
L5 L13 .5 0.2
a5 Li3 1] 38.6
3.5 L13 25 20.4
3.5 113 .30 1.2
3.5 .57 Q 18.4
35 3 [\] 4.8
37-milimeter cannon (smocth barrel)
¢ 113 0 ‘ &7
4 L13 .25 £3
i 113 .50 ]
L& 113 a . LLE
L& L13 .25 9.0
LS 113 .5 [
3.5 L13 [ 19.2
3.8 113 .25 oLl
.5 L13 .50 ¢

B ) ) [




